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WATER IN URBAN PLANNING, SALT CREEK BASIN,
ILLINOIS

Water management as related to alternative
land-use practices

By Andrew M. Spieker

ABSTRACT

Water management can be an integral part of urban comprehensive planning in
a large metropolitan area. Water both imposes constraints on land use and
offers opportunities for coordinted land and water management. Salt Creek basin
in Cook and Du Page Counties of the Chicago metropolitan area is typical of
rapidly developing suburban areas and has been selected to illustrate some of
these constraints and opportunities and to suggest the effects of alternative solu-
tions. The present study concentrates on the related problems of ground-water
recharge, water quality, management of flood plains, and flood-control measures.

Salt Creek basin has a drainage area of 150 square miles. It is in flat to gently
rolling terrain, underlain by glacial drift as much as 200 feet thick which covers
a dolomite aquifer. In 1964, the population of the basin was about 400,000, and
40 percent of the land was in urban development. The population is expected to
number 550,000 to 650,000 by 1990, and most of the land will be taken by urban
development.

Salt Creek is a sluggish stream, typical of small drainage channels in the head-
waters area of northeastern Illinois. Low flows of 15 to 25 cubic feet per second
in the lower part of the basin consist largely of sewage effluent.

Nearly all the public water supplies in the basin depend on ground water. Of
the total pumpage of 27.5 million gallons per day, 17.5 million gallons per day is
pumped from the deep (Cambrian-Ordovician) aquifers and 10 million gallons
per day is pumped from the shallow (Silurian dolomite and glacial drift)
aquifers. The potential yield of the shallow aquifers, particularly glacial drift
in the northern part of the basin, far exceeds present use. The largest concentra-
tion of pumpage from the shallow aquifers is in the Hinsdale-La Grange area.
Salt Creek serves as an important source of recharge to these supplies, particularly
just east of Hinsdale. The entire reach of Salt Creek south and east of Elmhurst
can be regarded as an area of potential recharge to the shallow aquifers. Preser-
vation of the effectiveness of these potential recharge areas should be congsidered
in land-use planning.
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Salt Creek is potluted in times of both low and high flow. Most communities in
the basin in Du Page County discharge their treated sewage into the creek,
whereas those in Cook County transfer their sewage to plants of the Metro-
politan Sanitary District outside the basin. During periods of high runoft,
combined storm runoff and overflow from sanitary sewers enter tl o creek. Such
polluted water detracts from the stream’s esthetic and recreational potential and
poses a threat to ground-water supplies owing to induced recharge of polluted
water to shallow aquifers. Alternative approaches to the pollution problem in-
clude improvement of the degree of sewage treatment, detention and treatment
of storm runoff, dilution of sewage through flow augmentation, or transfer of
sewage from the basin to a central treatment plant. To result in an enhanced
environment, the streambed would have to be cleansed of accumulated studge
deposits.

The overbank flooding in Salt Creek basin every 2 to 3 years presents problems
because of encroachments and developments on the flood plains., Flood plains in
an urban area can be managed by identifying them, by recognizing that either
their natural storage capacity or equivatent artificial capacity is nerded to accom-
modate floods, and by planning tand use accordingly. Examples of effective flood-
plain management include (1) preservation of greenbelts or regional parks along
stream courses, (2) use of flood plains for recreation, parking lots. or other low-
intensity uses, (3) use of flood-proofed commercial buildings, and (4) provision
for compensatory storage to replace natural storage capacity. Results of poor
flood-plain management include uncontrolled residential developruent and en-
croachment by fill into natural storage areas where no compensatory storage has
been provided.

Flood-control measures may consist of either enlarging channel capacity to
accommodate flooding within the affected area or providing upstream storage in
detention facilities. Widespread channeling may create problems by transferring
the flooding downstream. Furthermore, trees are endangered along the flood
plains where the channels are widened and straightened. Altered channels re-
quire constant maintenance, or they will revert to their original configuration.
Ground-water recharge can be impaired by rushing storm runoff out of the drain-
age basin faster than the soils of the streambed and flood ptain can absorb it. How-
ever, limited channel improvements and channel maintenance can be beneficial.

In general, retention of storm runoff within the basin offers greater opportuni-
ties for water management than channeling. Runoff can be retained in valley
reservoirs, upground reservoirs, or storage facilities created, for example, on roof-
tops or in parking lots. A good reservoir site exists in the Ned Brown Forest
Preserve near Elk Grove Village. It has been proposed to develop a multipurpose
reservoir there by excavating below the water table to create a permanent recrea-
tional pool for boating and fishing. Other possible storage facilities could be
developed in abandoned quarries or in underground tunnels.

Flood plains already developed could be reclaimed through Federal Urban
Renewal and Open Space Programs. A comprehensive flood-control strategy would
include many or all of the above techniques, each applied to its bost advantage
within a framework of comprehensive planning,

Present development trends threaten to consume most undevelcped land and
to continue pressures for further development of the flood plains. Better water-
management opportunities are offered in compresensive ptans which provide for
preservation of additional open space.
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Springs gage. Such pumping, which is difficult to monitor, may have
affected the measurements made during the summer, but is not likely
to have affected those made in October and November. Another factor,
which could cause apparent gains in flow in spite of any induced
infiltration that might occur, is discharge from sewage inlets. Al-
though no sewage-treatment plants discharge into Salt Creek between
Western Springs and Brookfield, numerous storm sewers do discharge
into the creek. Little storm runoff is expected during periods of low
flow. However, all sewers in this area are combined. A heavy load of
sanitary sewage, thus, could partly spill over into the storm sewer out-
lets into Salt Creek. Therefore, accurate measurements of seepage in
this reach would require monitoring of irrigation and storm s2wers.

Still another potential source of error in these discharge measure-
ments is evapotranspiration. Four of the seven seepage runs shown in
table 1 were during the growing season and, thus, especially susceptible
to evapotranspiration losses.

On November 17, 1966, measurements were made at two additional
sites between Western Springs and Brookfield. Table 2 shows the re-
sults. Although a gain was recorded over the entire reach, a loss of flow
did occur in the 3.2-mile reach between Western Springs and La
Grange Road. This suggests that most of the loss of streamflow, when
it does ocour, oceurs in this reach. Geologic and hydrologic conditions,
as illustrated in figures 22 and 23, are favorable for induced recharge
between Western Springs and La Grange Road. Additional se~page
runs would be required, however, to determine whether it is in this
reach that most induced recharge takes place under varying conditions
of streamflow.

The differences in streamflow losses from Western Springs to
Brookfield between the November 8, 1965, and the November 17, 1966,
seepage runs may be related to differences in antecedent precipitation.
The previous significant rainfall before the 1965 seepage run was
0.3 inch (measured at Midway Airport) and occurred 17 days before
the run. In 1966, however, a rainfall of 2.69 inches occurred only 8
days before the seepage run. This suggests the possibility of more
subsurface seepage into the stream in 1966, and could accourt for

TaBLE 2.—Discharge measurements on Salt Creek, November 17, 1966

Measuring site River miles Discharge
above mouth (efs)
Western Springs___ - ____________ 8.8 25. 2
La Grange Park (31st St.) . . ________ 6.9 24. 7
Westchester (La Grange Road) _______________________ 5.6 23.9
Brookfield . _ . 3.6 25. 5
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both the gain in the total reach and the relatively slight loss between
Western Springs and La Grange Road.

In summary, the seepage runs on Salt Creek indiccte that a sig-
nificant loss of flow occurs at some, but not all, times in the Hins-
dale-La Grange area. There appears to be no consistent pattern as
to when such losses occur. Variations in this flow regimen are probably
due to evapotranspiration, antecedent precipitatior, changes in
ground-water pumping, or changes in the condition of the streambed.
The losses are probably related to induced recharge to pumping wells.
Additional studies are needed to determine more precisely when and
why these streamflow losses occur.

NEED FOR ADDITIONAL DATA AND RESEARCH

The reach of Salt Creek between Hinsdale and La Grange is clearly
an important source of induced recharge to municipal water supplies
in the shallow dolomite aquifer. Although this reach is presently
the only place in Salt Creek basin where such recharge regularly
occurs, favorable geologic conditions for induced recharge extend as
far upstream as Elmhurst. Future pumping from the sl'allow acquifer
may well create favorable hydrologic conditions for induced recharge
in this additional reach. Also, increased pumping in the Hinsdale-La
Grange area may necessitate artificial recharge to prevent an excessive
decline of the water level. McDonald and Sasman (1967) indicated that
this area has good potential for artificial recharge stucies.

A much more thorough knowledge of the geology and hydrology
of induced recharge under natural conditions is highly desirable be-
fore meaningful studies for artificial recharge are uncertaken. Those
areas most favorable for induced recharge under exis*ing conditions
would likewise be the best areas for artificial recharge operations.
The geology and hydrology of this important recharge area is known
only in general terms. More detailed studies are needed to define pre-
cisely where and when recharge does occur or would occur if additional
ground-water supplies are developed. Furthermore, the implications
of land use in these recharge areas must be considered. Most of the
flood plains in the lower reach of Salt Creek are not presently de-
veloped, and much of this area is reserved as public open space.
Development of part of this area might adversely aflect recharge to
the shallow aquifers.

Detailed geologic and hydrologic information is of critical impor-
tance to land-use planning in Salt Creek basin. Important recharge
areas to the shallow aquifer exist in the reach of Salt Creek south
of Roosevelt Road. Land use compatible with preservation of these
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recharge areas is essential for the continued use of ground water from
the shallow aquifers as the area’s principal source of water supply.
Possible alternative land uses compatible with preserving ground-
water recharge include the preservation of recharge areas as open
space and the design of storm water drainage systems to clannel
runoff into these recharge areas. The exact location of these recharge
areas, however, is not known and can be determined only by detailed
hydrogeologic studies. Planning for the development of this p~rt of
the area will thus be more effective if the extent of these recharge
areas is known.

The greatest single need in analyzing the recharge potential of Salt
Creek is a coordinated study of the relation of surface water and
ground water and the relation of both to land-use practices. T"e ab-
sence of coordinated studies related to land use has been due in part
to limited agency objectives.

What is needed, then, is a comprehensive and coordinated program
of data collection and analysis including land-use plans and all com-
ponents of the hydrologic system, stream discharge measurements,
ground-water-level measurements and pumpage records. Chemical,
bacteriological, and biological analyses of the quality of ground and
surface waters should be made over a period of 2 to 3 years and under
a wide range of hydrologic conditions. A summary of the most impor-
tant needs for data and research follows.

A Dbetter knowledge of the geology of the area must be obtained
before detailed hydrologic studies can be undertaken. The geology of
the dolomite aquifer is fairly well known. The main data gap is in
the thickness and character of the glacial drift overlying this acuifer.
To obtain an adequate understanding of these deposits for recharge
studies would require drilling a large number of test holes along the
flood plains of Salt Creek. Such a program would identify those places
where a good hydraulic connection exists between the stream and the
aquifer. This information could then provide a basis for measurment
sites in recharge studies.

The ground-water hydrology of the Hinsdale-La Grange cone of
depression has been studied. The main gaps of knowledge are in
water-level and stream-gaging records and in the hydrology of the
shallow unconsolidated deposits, or glacial drift. Although periodic
water-level measurements are made in wells in the dolomite aauifer,
only one continuously recording well (DUP 39N11E-24.2g) is main-
tained in this cone. This well actually is at the fringe of the cone.
Several additional recording wells located between Salt Creek and
the pumping centers of La Grange and Hinsdale would be needed in
a detailed recharge study. A detailed soil survey would help 1dentify
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areas of permeable soil, and would provide a further clue to the
location of the best recharge areas.

Laittle is known about the flow patterns in the unconscolidated mate-
rials that overlie the dolomite aquifer. To gain an understanding of
these patterns would require water-level measurements at different
depths in small-diameter wells installed both in the streambed and
on the adjacent flood plain. The wells would be located in those areas
where the geologic conditions are determined to be mos* favorable for
induced recharge. These wells could be measured periodically, under
varying conditions of streamflow, to determine changer in head with
varying depth and distance from the stream. These measurements of
head differential in the unconsolidated deposits, in conjunction with
the measurements from recording wells in the dolomite aquifer, could
be used to determine the direction of ground-water movement from
Salt Creek toward the pumping centers.

The exact number of observation wells cannot be determined on the
basis of existing information. From 20 to 50 small-diameter wells
(measured periodically) and five to 10 recording wells might be
required. The installation of these wells would be preceded by the
test drilling program to determine in detail the character of the
unconsolidated deposits.

Additional stream discharge measurements, or seepage runs, should
be made under a wide range of conditions and in conjunction with
ground-water-level measurements. These measurements are needed to
establish the relation between surface-water and ground-water flow
patterns. During these runs, sewage inflow and irrigetion should be
monitored. An additional gaging station downstream from the present
Western Springs gage, preferably at the crossing of La Grange Road,
is desirable to provide spatial amplification of record. Rain gages
should be maintained at all continuous stream-gaging stations to pro-
vide adequate control for determining the water budget.

The quality of water is every bit as important as the direction of its
flow. Samples for analysis should be taken in conjunction with the
sespage runs at all streamflow measuring sites, from s2lected wells in
the unconsolidated deposits, and from wells in the dolomite aquifer
between Salt Creek and the major pumping centers. The analyses
should include at the minimum such constituents as ABS (detergents),
phenols, nitrates, phosphates, BOD (biochemical oxygen demand), DO
(dissolved oxygen), coliform bacteria, and chlorides, tc detect any evi-
dence of ground-water pollution. Periodic measurements of the tem-
perature of surface water and ground water might provide additional
evidence to define flow paths between Salt Creek and the pumping
centers.
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sarily apply. The samples of April 30, 1966, were collected after 3 days
of high water (fig. 27) and still contained large numbers of coliform
bacteria.

QUALITY OF GROUND WATER

Ground water in Salt Creek basin 1s generally hard, reflecting the
abundance of carbonate rock in the area. The quality of ground water
of Du Page County was discussed by Zeizel, Walton, Sasman, and
Prickett (1962, p. 77-81).

The quality of water in the shallow aquifers, especially in the shal-
low dolomite aquifer, is of particular interest because of pollution
problems caused by induced recharge. A map in the Northeastern
Illinois Planning Commission’s water-management report (Sheaffer
and Zeizel, 1966, fig. 21), based on data provided by the Illinois State
Water Survey, indicates that the hardness of water in the shallow dolo-
mite aquifer ranges generally from 300 to 600 mg/l in Salt Creek
basin. Table 4 shows a chemical analysis of water from a well in this
aquifer.

TABLE 4.—Chemical analysis of water from « well in the shallow dolomite aquifer

[Well owned by village of Addison. Analysis by Illinois State Water Survey. Results in
milligrams per liter except where indicated]

Well DUP 40N11E-28.41

Depth of well (ft) ________.____ 155 \ Alkalinity . ______________ 326
Date of collection________.___ 5-16-47. Sulfate o 200
Temperature (°C)o—— o ___ 11.2 Chloride - __________ 6.0
Siliea o 24.0 | Fluoride - ________ 0.2
Iron o __ 1.4 | Nitrate - 1.0
Caleium . 108 | Hardness as CaCOs__._______ 505
Magnesium __.__.___________ 56.7 | Dissolved solids______________ 625
Sodium and potassium_.___.___ 18.2 |

There 1s an area in the lower reach of Salt Creek where hardness of
water in the shallow aquifer is generally higher, from 600 to 1,000
mg/] (Sheaffer and Zeizel, 1966, fig. 21). This has been identifed in
the present study as an important area of induced recharge to the La
Grange cone of depression. In view of the close interrelationship
between surface water and ground water in this area, it appears that
the greater hardness of ground water can be attributed to the infiltra-
tion of polluted water from Salt Creek.

Another indication of pollution of the shallow aquifer comes from
an analysis by the Illinois State Water Survey of water from ¢ well
at the Schwendenner office building at Hinsdale (well DUP 39N11E-
36.2e; see fig. 26 for location). This well is 347 feet deep, is cased to
bedrock, and yields water from the shallow dolomite aquifer. The
reported hardness is 830 mg/1. The sample contained 0.3 mg/1 of ABS,
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a substance which does not occur naturally in water, W™ile ABS itself
is not believed to be harmful and the quantity reported is negligible,
it is an indicator of pollution. Because this well is about 1,000 feet from
Salt Creek and is in the Hinsdale-La Grange cone of depression,
induced recharge from Salt Creek appears to be the mo=t likely source
of the pollutants.

The foregoing examples are merely indications of ground-water
pollution in the Hinsdale-La Grange area. Further study is required
to document fully the nature and extent of pollution. The mere sug-
gestion that ground-water pollution exists as a result of surface-water
pollution, however, should be a strong argument in favor of improving
the quality of water in Salt Creek.

DEFINING THE POLLUTION PROBLEM

Pollution is a vastly complex phenomenon. It cannot be fully defined
in terms of only DO, BOD, dissolved solids, hardness, ABS, and coli-
form bacteria. The studies outlined in the two preceding sections are
intended only to show that pollution does exist in Salt Creek and to
identify in general terms some of the broader relations among param-
eters. These study methods could serve as examples of the kinds of
analyses which should be undertaken in the future, over a longer period
of time, and under a wider range of conditions. For example, samples
could be taken at 2-hour intervals from the beginning to the end of a
flood. This sampling procedure would better define the changes in
water quality that take place during a flood. Continuous monitoring
of DO, temperature, and dissolved solids at one or more stations would
better define the relation of water-quality changes to streamflow.

Most water-quality studies have either concentrated on the chemical
aspects of pollution or do not include indicators of pollution at all.
For example, the typical “complete” chemical analysis of a ground-
water sample does not always include such constituents as ammonia
nitrogen, ABS, coliform bacteria, DO, BOD, and phenols, any of
which may be an indicator of pollution. Furthermore, pollution is
not a purely chemical phenomenon. A complete study of pollution of
a stream should include analyses of the nature and extent of polluted
bottom deposits and the nature and extent of aquatic life. Some aspects
of pollution relating to solid wastes are almost impossible to evaluate
in quantitative terms. For example, the entire length of Salt Creek
contains such objects as discarded tires, shopping car‘s from super-
markets, beer cans, and an abundance of paper and cardboard refuse.
Although these objects do not show up in any water-quality analysis,
they do constitute visual pollution that detracts from the environ-
ment.
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Another aspect of pollution that needs further study is the growth of
algae. These organisms thrive on nutrients, mostly nitrates and phos-
phates which are not completely removed by existing sewage treat-
ment plants. Fertilizers and livestock excrement may be other sources
of nutrients. These algae cause an unsightly green scum on the sur-
face of the stream. During warm weather, they enrich the stream in
dissolved oxygen while the sun is shining (by the process of photosyn-
thesis), while at night the organic matter in the stream consumes the
oxygen, sometimes causing unpleasant septic odors. Research is being
conducted into the extent of growth of algae, means of controlling
these organisms, and advanced sewage treatment techniques to prevent
or reduce the quantity of nutrients in effluent released to the streams.
The results of this research have not yet been applied i northesstern
Hlinois.

Sediment is another aspect of the pollution problem intensified by
urbanization. The almost perpetual construction which takes place
in a rapidly urbanizing area results in accelerated erosion of soils and
mcreased sediment loads in the streams.

The Soil Conservation Service of the U.S. Department of Agricul-
ture has developed a series of construction practices, based on recearch
in Montgomery County, Md. that will reduce sediment loads (Ameri-
can Society of Planning Officials, 1966). A summary of these practices
follows:

1. Construction at any given time will be confined to the smallest practical area.
and for the shortest practical period of time;

. Temporary vegetation and mulching will be used to protect critical areas;

. Basins will be installed to retain sediment from land undergoing development;

. Channels will be provided or installed to accommodate sharp changes in runoff;

. Permanent vegetation and structures will be instalied as soon as practical;

. Development plans will be suitably fitted to the peculiar requirements of the
soils and topography found at each site;

. Where feasible, natural vegetation will be retained and protected as cover
for land under construction.

S S = b

-3

Although the pollution problem in Salt Creek basin is complex and
data are insufficient, some important conclusions can be drawn. Salt
Creek has become degraded, especially in the nearly stagnant reaches
upstream from Fullersburg Dam and near Addison. This condition is
the result of decades of abuse. Until about 15 years ago, most scwage
discharged into the stream received only minimal treatment, and much
of it was discharged untreated. At present, nearly all sewage dis-
charged into Salt Creek receives “secondary” treatment, which removes
80 to 90 percent of the BOD and suspended solids. Population increase,
however, threatens to outpace increases in the degree of sewage treat-
ment. The population of towns presently discharging sewage into Salt
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Creek has increased fivefold, from about 30,000 in 1930 to about 150,000
in 1965, A continuation of this trend will result in little or no improve-
ment of the quality of sewage effluent in Salt Creek.

The two or three floods, or periods of high runoff, which typically
occur annually, are not suflicient to scour and remove the accumulated
bottom deposits. Furthermore, the quality of flood runoff is degraded
by the discharge of untreated wastes from combined sewers. For these
reasons, any flood-control plans which feature the detention and stor-
age of flood runoff for beneficial use are not realistic unless steps are
taken to improve the quality of the stored water.

Pollution of a stream can detract from the value of adjacent land.
Houses along a polluted stream are likely to decline in value because
people are not willing to put up with odors and other unpleasant by-
products of polluted water. In addition, polluted water may detract
from the recreational and esthetic potential of adjacent forested land.
A park or forest preserve through which a polluted stream flows has
been likened by one prominent public official in northeastern Illinois
to “a shiny red apple with a rotten core.”

Finally, the polluted water in Salt Creek poses an ever-increasing
threat to the quality of ground-water supplies in the shallow aquifers
that receive induced stream recharge. At present, these supplies are
mainly in the Hinsdale-La Grange area. In the future, however, it is
quite possible that additional towns may develop water supplies in
the shallow aquifers adjacent to Salt Creek. 1f this should occur, these
new supplies will be in danger of becoming polluted, unless the quality
of Salt Creek is improved.

ALTERNATIVE APPROACHES TO THE POLLUTION PROBLEM

The pollution problem in Salt Creek could be managed by one or
more of several alternative approaches. A few of the more obvious
alternatives follow. These courses of action are not mutually exclusive;
some of them could be undertaken in conjunction with certain features
of other approaches.

1. Leave conditions as they are.—This is the approach that has been
taken to date (1969). Although there has been a general improvement
in the degree of sewage treatment, it has not always kept pace with the
population increase. Little has been done about the degraded condition
of the streambed, and few communities have dealt effectively with the
problem of untreated wastes from combined sewer systems or from
urban runoff. A continuation of past practices and present trends will
probably result in increased pollution of Salt Creek.
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The public is becoming increasingly aware and increasingly intol-
erant of polluted conditions in general. Likewise, the public is demand-
ing more facilities for outdoor recreation and an esthetically pleasing
living environment. For these reasons, the residents of Salt Creek
basin, or any other urban area for that matter, are not likely to tolerate
existing conditions for long. Public officials will thus be forced to take
actions to improve these conditions.

2. Improve degree of sewage treatment and consolidate treatment
plants.—Another approach to the pollution problem is to increase the
degree of sewage treatment to the point that the effluent is vir‘ually
pure. “Tertiary” treatment is coming into widespread use in com-
batting ever-increasing pollution loads. This type of treatment usually
removes 98 to 99 percent of BOD and suspended solids and chlorinates
the effluent to inhibit bacterial growth.

Improving the degree of sewage treatment can be accomplished
either by upgrading existing treatment plants or by consolidating
treatment facilities in a large plant. The strongest argument in favor
of the latter approach is economy of scale; one large treatment plant
can do the job more efficiently and more economically than can several
smaller plants.

Consolidation of treatment plants is not a new concept. It was at-
tempted in Salt Creek basin as far back as 1928, when the Salt Creek
Drainage Basin Sanitary District was created. This district ineluded
the villages of Addison, Elmhurst, and Villa Park, and adjacent un-
incorporated areas. It was proposed to consolidate the sewage systems
of these three villages into a single treatment plant on Salt Creek.

The plan for the Salt Creek Drainage Basin Sanitary District was
never activated, owing largely to local opposition to the initial cost of
construction and the inability to agree on plans, regardless of the
long-term economies of such plans. Addison withdrew from the dis-
trict in 1930, and Elmhurst in 1932. The district still exists but, in ef-
fect, operates only the sewage treatment system for Villa Park. Today
the separate sewage treatment plants of Elmhurst and Villa Park exist
side-by-side along the banks of Salt Creek.

Consolidation of the sewage plants in Salt Creek basin in Du Page
County is presently under consideration as part of a master plan to
improve the degree and efficiency of sewage treatment. The sewage of
all Du Page County communities in the basin would go into an inter-
ceptor sewer parallel to Salt Creek and then to a centralized tertiary
treatment plant near Hinsdale. The effluent from this plant would be
either discharged into Salt Creek or diverted out of the basin into Flag
Creek.
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A recent study by the U.S. Committee on Intergovernmental Rela-
tions (1963, p. 202-203) points out the economy of sc-le in the con-
struction and operation of sewage treatment plants. Comparative con-
struction costs per million gallons per day for plants of various
capacity providing secondary treatment follow :

Capacity (mgd) Cost (per mgd)
100 $230, 000
10 400, 000
U 720, 000

Operation and maintenance costs for the same plants would be as fol-
lows:

Capacity (mgd) Cost (per mgd)
100 $35
10 39
1 e e 62

These figures do not include the cost of land, interceptor sewers, or
engineering fees. For widely extended sewage treatment districts, the
economy of scale would have to be balanced against the cost of exten-
sive interceptor sewer lines. Nevertheless, these comparative costs sug-
gest that several adjacent communities would save considerably by
pooling their sewage treatment facilities rather than by constructing
separate plants.

Tertiary treatment may be only half the answer to the pollution
problem in Salt Creek basin. If the quality of the efftuent were greatly
improved, the stream would clean itself up in time. The question is,
how much time? For a sluggish stream like Salt Creek that has been
subjected to decades of abuse, it might require a few mwore decades to
undo the damage already done. Another problem is the thousands of
individual septic systems, some of which discharge directly into the
stream. Improving the degree of sewage treatment might be a wasted
effort unless the quality of the receiving stream is likewise improved.

3. Augment low flow.—An alternative to improving the quality of
sewage effluent is to increase the receiving stream’s low flow, which
would provide for greater dilution. However, reservoir sites with
storage capacity adequate for flow augmentation are scarce in urban
areas of low relief such as Salt Creek basin. Sheaffer and Zeizel (1966,
p- 97-98) discussed the concept of flow augmentation ard many of the
problems involved, using Salt Creek as an example. To maintain a
base flow of 50 cfs, or 35 mgd, which is considered to be an adequate
rate for the dilution of existing sewage effluent, would require reser-
voirs with a storage capacity of 30,000 acre feet. Surface storage
capacity to maintain such a flow is not available within the basin.
Therefore, maintenance of a base flow of 50 cfs in Salt Creek would
require either interbasin transfer of water or use of ground water.
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Low-flow augmentation alone would not solve the problems of bot-
tom conditions and untreated sewage from combined sewers during
storms any better than would improved sewage treatment. Thus, the
same limitations that apply to tertiary treatment would likewise apply
to flow augmentation as a means of improving water quality.

4. Transport sewage from basin—A fourth alternative is to inter-
cept the sewage from all communities in Salt Creek basin and trans-
port it to a central treatment plant outside the basin. This is already
being done to a large degree by the Metropolitan Sanitary District,
which serves most of the basin in Cook County. The effects of this ap-
proach have already been demonstrated by the reduction of low flow
at the Arlington Heights gage (fig. 17). Presumably, if Du Page
County were to adopt a similar approach, the low flow in the lower
reaches of the stream would also be reduced. Whether it is better to
have a moderately low base flow of polluted water or a lower base
flow of less polluted water is subject to debate. To compare the effects
of this plan with the effects of flow augmentation or improved s>wage
treatment would require a detailed economic analysis of the cos*s and
benefits of each approach. Again, interbasin transport of sawage
would not solve the problem of the already degraded condition of the
streambed. Furthermore, discharge of untreated sewage from com-
bined sewers during storms would continue unless all storm-drainage
systems in the basin were separated from sanitary sewers. Also, inter-
basin transfer of sewage is only a partial solution to the problem.
While it may alleviate conditions in one basin, it would merely transfer
the problem to another basin.

Future Sewage-Treatment Practices

The present pattern of sewage disposal practices may change in the
future. Du Page 'County, as mentioned, is considering a plan for the
consolidation of sewage-treatment plants. Under this plan, the effluent
from communities in Salt Creek basin might be diverted to Flag
Creek. Furthermore, the Metropolitan Sanitary District is planning
to construct a tertiary treatment plant which, according to the origi-
nal plan, would discharge into the West Branch of Salt Creek, up-
stream from a proposed flood-control reservoir in the Ned Brown
(Busse Woods) Forest Preserve. However, arrangements are being
worked out between the Sanitary District and the Cook County
Forest Preserve District to discharge the effluent from this plant into
Salt Creek below the proposed dam, thus preventing the effluent from
entering the reservoir. This plant would serve much of the rapidly
growing northwestern part of Cook County. Effluent from this plant
would probably exceed in volume the combined output of ¢ll the
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sewage plants on Salt Creek in Du Page County. Construction of a
new plant is necessary because the capacity of existing plants and the
interceptor sewers feeding them cannot keep pace with the area’s rapid
growth. The Metropolitan Sanitary District has concluded that it
would be more economical to construct the new facilities close to the
most rapidly growing areas rather than to enlarge becth the existing
plants and the long network of interceptor sewers.

These changes in sewage disposal practices are bound to influence
the quality of water in Salt Creek. Although a greater volume of sew-
age effluent will result from these practices, the effluent might be of
considerably better quality than that presently being discharged.

A More Comprehensive Approach To Water-Quality Control

No plan for the improvement of sewage disposal jractices can be
wholly effective unless two important steps are taken: first, cleaning
of the streambed, and, second, some provision for the treatment of
wastes during periods of high runoff. Cleaning the bed of a stream of
Salt Creek’s size would be a fairly simple matter. Aquifers, however,
to the extent that they may be already polluted, will simply have to
be flushed out once the sources of pollution are removed.

The problem of treating wastes and runoff during storms is more
complex. Many communities in Salt Creek basin, particularly the
older ones, have combined sewer systems. The cost of s2parating these
systems in an entire community could be great. However, the city of
Elmhurst, one of the largest communities in Salt Creek basin, with
an estimated 1965 population of 41,000, completed the separation of
all its sewers in 1968. Another community that has come to grips with
this problem is Elk Grove Village. Elk Grove Village is a fairly new
community, built entirely since 1950, which in 1965 had a population
of about 12,000. Here planners recognized from the outset the desira-
bility of separate storm and sanitary sewers and planned the com-
munity accordingly. Figure 31 shows how storm runoff channels can
be an esthetic asset, utilizing the median strip of bclevards. This
method of providing for stormm drainage, furthermore, is less costly
than conventional storm sewer construction.

It is likely, in view of current policy at all levels of government,
that most new residential developments will be built with separate
sewer systems. But the problem remains as to what to do with com-
bined systems in older communities. If the cost of separation should
turn out to be prohibitive, an alternative approach is to detain and
route storm runoff to a series of reservoirs or detention basins, and
later to release it at a sufficiently low rate that it can be treated. Various
types of detention facilities are further discussed in the section on
alternative flood-control measures.
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they are managed, the flood plains can be either an asset or a liability
to a community or a metropolitan area.

Generally speaking, land uses that consume much of the flood plain’s
natural storage capacity will aggravate the flooding problem. Filling
the flood plains thus merely transfers the flooding problem, unless
compensating storage is provided. Residential development on flood
plains usually becomes a liability to the community, because home-
owners will tolerate neither the damages nor the inconvenience caused
by flooding. Thus, residential developments on flood plains tend to
decrease in quality and become prematurely blighted.

The use of flood plains for refuse disposal is likely to cause pollution
of both surface water and ground water, in addition to detracting
from the esthetic appeal of the stream and its surroundings.

Flood plains can be put to nonstructural uses such as parks, recrea-
tional facilities, or parking lots. Low-density commercial or industrial
development may be a compatible land use, provided that the flood
hazard is recognized and buildings are flood proofed. Parts of the flood
plain, however, may be prime recharge areas to existing or pctential
ground-water supplies. If these recharge areas are paved or otherwise
covered, much of their recharge potential may be lost. In Salt Creek
basin, most of these areas fortunately have been preserved. The identi-
fication of such recharge areas is of prime importance to the planner
in areas where shallow aquifers are an important source of water

supply.

ALTERNATIVE FLOOD-CONTROL MEASURES AND THEIR
EFFECT ON THE HYDROLOGIC SYSTEM

PHILOSOPHIES OF FLOOD CONTROL

Flood damage in a metropolitan area is a problem created by man,
for no problem exists unless the areas subject to flooding are occupied.
The previous section illustrates several alternative means of managing
land subject to flooding, including examples of poor management of
such land. Unfortunately, some lands subject to flooding have slready
been developed. It hasnot generally been considered feasible to remove
developments from the areas and restore the areas to their naturslstate,
although this practice could possibly be economically justifiel. The
protection of existing development on flood plains generally neces-
sitates the application of some flood-control measures, although flood
proofing also can reduce flood losses.

For the purpose of the present discussion, flood-control measures
are defined as any plysical and relatively permanent measures taken
to reduce or eliminate the damage or inconvenience caused by flooding.
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Measures of adjustment to floods such as bearing the lo=s, public aid
or relief, emergency measures (sandbagging, for example), and flood
insurance are therefore outside the scope of the discuss’on. Measures
of this type were discussed by White (1964).

Within this context, all flood-control measures, or flood damage
reduction measures (as some prefer), can be classified into three cate-
gories. First, there are measures based on preserving the natural stor-
age capacity of the flood plains as nearly as possible. Second, there are
measures based on reducing flood flows by retaining much of the runoff
in upstream areas. Third, there are measures based on enlarging drain-
age capacity to route flood runoft out of the area concerned for storage
downstream.

Flood-control projects in the past have been undertalen largely as
single-purpose endeavors. It is now widely believed that, for a flood-
control project to be undertaken, the benefits should exceed the costs
on an average annual basis. Benefits can be increased by planning for
multiple purpose rather than single purpose projects. Ir other words,
if a project can yield benefits of recreation, flow augmentation, and
increased ground-water recharge in addition to flood damage reduc-
tion, its benefits will most likely exceed those of a project whose sole
purpose is flood control. To maximize these benefits, planners in recent
years have made it a practice to consider alternative solutions to prob-
lems rather than adopt a single plan approach.

Little attention has been given in the past to the effects of flood-
control projects on the hydrologic system. Earlier in this report it
was shown that a close connection exists between surface water in
Salt Creek and ground water in the shallow aquifers. Furthermore, it
is believed that an increase in the recharge rate to these shallow aqui-
fers takes place during flood stages. Changes in the intensity and
duration of flood stages caused by some flood-control projects would
very likely have an effect on the rate of ground-water recharge. The
effects of water quality on various flood-control measnures and the
effects of such measures on water quality also merit consideration.

The Northeastern Illinois Planning Commission, threngh its Tech-
nical Advisory Committee on flood control, in 1959 issued a policy
statement on flood-control measures. The following criteria quoted
from this statement recommend :

1. That where practicable, flood control and drainage facilities be planned on
the basis of controlling the flows resulting from the most severe storm of
record for the area concerned. Factors such as economics, state of develop-
ment of the area and other planning considerations will often preclude
the construction of facilities of such magnitude. In these instances, the
constructed facilities, when feasible, should be designed to permit future
enlargement at a minimum of cost.
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19

. That flood control and drainage facilities be planned on the basis of full
development in accordance with the master plan of the area, althongh this
may require “stage” construction contingent on future development of
the area.

3. That flood control and drainage facilities be planned so as to minimize adverse
effects on adjacent or downstream areas.

4. That flood control and drainage planning weigh the comparative engineering
and economic aspects of alternate means of accomplishing the prevention
or reduction of flood damages; e.g., channel improvements, levees, cutoff,
diversions, retarding basins, land use management, flood proofing. stream
maintenance, storm warnings, and flood insurance.

. That flood control projects be as multi-purpose as practicable, including, be-
sides means of flood damage reduction, provisions for recreation, conserva-
tion of fish and wild life, water supply, low water stream fow and
navigation.

[

6. That flood control projects generally yield tangible and intangible benefits
in excess of the costs incurred.

7. That no flood control project impair the condition of existing public lands,
nor impair their use and enjoyment of the public without compensating
public benefits.

8. That the expenditure of public funds for flood control and drainage be con-
sidered together with the needs and costs for other public works so that
the over-all program for public works in an area will result in a naximum
of benefits to the public. The over-all program for public works mus* be well
balanced and properly coordinated.

A preliminary evaluation of the probable effects of alternative
flood-control measures on the hydrologic system in Salt Creek basin
follows. This discussion is concerned primarily with the implications
of hydrology and land use. Detailed economic analysis is beyond the
scope of this report.

ALTERNATIVE APPROACHES TO FLOOD CONTROL
PRESERVING THE NATURAL STORAGE OF FLOOD PLAINS

The first approach to flood control discussed in this repor is the
preservation of as much of the natural storage capacity of th- flood
plains as possible. Various means of attaining this objective are dis-
cussed at some length in the immediately preceding section on manage-
ment of the flood plains. Preservation of this storage can be accom-
plished by creation of regional parks or greenbelts, by planning of
communities to keep flood plains out of development, or by limiting
development of flood plains.

Management of the flood plains can be implemented through a num-
ber of procedures such as creation of forest preserve or regional park
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districts, establishment of zoning or flood-plain regulations, and plan-
ning of communities to avoid uneconomic use of the flood plains.

From a hydrologic standpoint, maintaining the flood plains in as
nearly their natural state as possible is an effective means of pre-
serving natural recharge areas to the shallow aquiferz. Such areas
exist in the lower part of Salt Creek basin, and fortunately they have
been, to a large degree, preserved in their natural state. Studies of the
recharge potential of the flood plains in any area would be helpful in
evaluating the desirability of restricting their development as opposed
to alternative flood-control techniques. If such potential recharge areas
are found to exist, this is an additional argument in favor of keeping
these areas out of urban development. There are parts of the flood
plains, however, that might be economically unfeasible to keep out of
development, owing to the high value of land in an urban area.

Furthermore, there is the problem of what to do about existing
developments on flood plains. Such developments, however ill advised
they may be, represent a considerable investment. Flood-control works
may prove to be more economical than paying the cost of damages
vear after year.

UPSTREAM STORAGE

Upstream storage is one of the classic approaches to flood control.
This approach consists of retaining most of the flood runoff in reser-
voirs and detention basins in the upstream reaches of streams, thereby
reducing the magnitude and frequency of flooding downstream. The
concept of retention of floodwaters is compatible with the North-
eastern Illinois Planning Commission’s third stated criterion for
flood-control works and with Policy 5 as stated in the Planning Com-
mission’s water-management report (Sheaffer and Zeizel, 1966, p. iv) :

Reclaimable flood waters should be regarded as a resource o1t of place and
stored where practicable for such later beneficial uses as low-flow augmentation
of streams, artificial recharge of ground-water supplies, water-oriented recre-
ation, and water supply.

Thus, the principal advantages of upstream storage are reduced
damage to downstream communities and the multiple-use aspect of
the plan. The main argument against this approach in an urban area
stems from the scarcity and generally high cost of suitable land.
Although it may be argued that suitable valley reservoir sites do not
exist, upstream storage can be accomplished by more imaginative and
less land consuming means than the traditional valley rerervoir on the
main channel of the stream.





















ALTERNATIVE FLOOD-CONTROL MEASURES 101

trict may overflow into Salt Creek during periods of high flow. The
introduction of such sewage effluent into the reservoir would materially
detract from its recreational and esthetic potential. (The new sewage
treatment plant being planned by the Metropolitan Sanitary District
would, according to current plans, discharge into Salt Creek below the
reservoir site.) These problems will have to be solved if multipurpose
reservoirs are to attain their optimum effectiveness.

Other Valley Reservoir Sites

Although Busse Woods is the only suitable site for a large valley
reservoir in Salt Creek basin, two other smaller sites exist, one of which
could offer significant flood-control benefits. This site is on Spring
Brook, a tributary of Salt Creek, at Itasca (fig. 42). Proposals for its
development are discussed in a consultant’s report to the village of
Itasca (Bauer, 1965), which is now proceeding with a plan for develop-
ing a greenbelt within its village limits.

To control flooding on Spring Brook would require 600 to 900
acre-feet of reservoir capacity upstream from Itasca. The maximum
flood of record, estimated to have been 300 cfs, would have been re-
duced to about 100 cfs by such a reservoir (Bauer, 1965, p- 3). A
project of this magnitude would probably require action by county
or State agencies. Itasca has, however, begun a multipurpose program
of open space development on a more modest scale. In 1965 and 1966,
the village acquired about 60 acres of land along the flood plain of
Spring Brook. Most of this land was acquired through a matching
Federal Open Space grant for “recreation, conservation, scenic and
other amenities.”” A reservoir is planned for “recreation, flood control,
open space preservation, and land enhancement.” Among the erpected
benefits of this tract of open space are prevention of development on
the flood plain and preservation of a natural recharge area to the
shallow aquifers. The rather limited flood-control capacity of 30 to
60 acre-feet would be far from adequate for control in the entire drain-
age area of Spring Brook but would reduce the flood hazard locally for
the village of Itasca.

Two more potential reservoir sites exist on unnamed tributeries of
Salt Creek west of Rolling Meadows (fig. 42). These sites have been
recommended by the U.S. Soil Conservation Service (U.S. Dept.
Agriculture, 1968) for flood-control reservoirs. Each reservoir would
require about 100 acres of land. The north reservoir would have a
capacity of 800 acre-feet, and the south reservoir, a capacity of 530
acre-feet.

A fifth valley reservoir site shown in figure 42 is at Addison. The
village of Addison plans to develop this reservoir for flood-control
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and recreational purposes. Its flood-control capacity would be so slight
that it would have little impact on Salt Creek basin as a whole, although
it might improve conditions locally.

OTHER APPROACHES TO UPSTREAM STORAGE

Valley reservoirs are not the only structures by wlhich upstream
storage can be accomplished. A large number of smaller impound-
ment basins can create the same storage capacity as a few larger ones.
Abandoned gravel pits or quarries can provide considerable storage
space. And finally, land-use and soil-conservation prectices can be
modified to provide storage space for floodwaters. A discussion of
alternative approaches to upstream storage follows. These concepts
are introduced and discnssed in the Northeastern Illinois Planning
Commission’s water-management report (Sheafler anc. Zeizel, 1966,
p. 92-97).

Abandoned Gravel Pits and Quarries

Abandoned gravel pits and rock quarries can be used for the
temporary storage of floodwaters. In some localities, sich pits have
been landscaped and developed for recreation and conservation as
well as flood control. In areas such as Salt Creek basin where the
water table is generally high, abandoned pits and quarries afford
excellent opportunities for the development of ground-water lakes for
recreation and conservation. The uses of these pits for both recreation
and flood control, however, are not always compatible.

Figure 7 shows the gravel pits and quarries that existec in Salt Creek
basin in 1964. Of particular interest is a large rock quarr;” at Elmhurst.
(See fig. 42.) This quarry, in the shallow dolomite aquifer, will be
mined out in a few years. It has a surface area of about 35 acres and
is 200 feet deep. When this quarry is completely mined out, it will
have a storage capacity of 7,000 acre-feet nearly twice the capacity of
the proposed Busse Woods reservoir.

If the storage capacity of this quarry were fully utilized it could
contain nearly all flood runoff for the middle third of Salt Creek’s
drainage area as the Busse Woods reservoir could for the upper third.
An inlet could be constructed to allow floodwaters to run into the pit
by gravity flow. These waters could later be pumped out at a controlled
rate. Although this quarry appears promising as a flocd-control res-
ervoir detailed engineering and cost-benefit studies are raquired before
it is used for this purpose.

A problem with the use of this site for storage of floodwaters is
potential pollution of ground-water supplies. The floodwaters would,
in effect, be stored in the shallow dolomite aquifer, wlich is widely
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used as a source of water supply in Salt Creek basin. Illinois law pro-
vides that water directly injected into a formation being used as an
aquifer must be of drinking-water quality. The water-quality studies
cited in this report show that floodwaters in Salt Creek at pre~ent do
not meet this standard. Therefore, either water quality would have to
be improved or measures would have to be taken to prevent movement
of the stored water to ground-water supplies before this quarry could
be used for flood control.

Possibly, however, hydrologic conditions in the vicinity of this
quarry are such that, if it were used for storage of floodwaters, these
waters would not be injected into the aquifer. The quarry is presently
pumped at a rate of about 1 mgd to keep it dry. Thus a cone of depres-
sion has been created around the quarry, and ground water flows to-
ward the quarry rather than away from it. This pumping could be
continued after the quarry is abandoned. A gratuitous fringe benefit
of such pummping would be a modest augmentation of Salt Creek’s low
flow. When the pit is filled with floodwaters, this would reverse the
hydraulic gradient so that the water would flow away from the pit.
The pit would be filled for such a short time, however, that the flood-
waters would probably not move far into the bedrock. A resumption
of pumping after the pit is emptied would probably reverse the gradi-
ent quickly enough that the floodwaters would flow back toward the
pit. If this flow pattern prevails, there would be little danger to any
ground-water supplies.

This example is based entirely on theory. The use of this querry for
storage of floodwaters should be preceded by a thorough study of the
ground-water hydrology to determine if there would be any threat to
water supplies. If the quarry is used for flood control, ground-water
samples should be taken frequently from nearby observation wells to
detect any possible pollution.

The use of this quarry for flood control necessarily precluders its use
for water-oriented recreation, inasmuch as it would have to be kept
empty to take full advantage of its large storage capacity. 4 steep-
walled rock quarry would be of no recreational benefit unlese it was
kept nearly full. Keeping it full wounld render it virtnally useless for
flood control.

Abandoned gravel pits, on the other hand, could be developed
through landscaping into multipurpose reservoirs. Forest preserve dis-
tricts in Illinois have the authority to sell sand and gravel from their
lands, making possible the creation of artificial ground-water lakes
for recreation, conservation, and flood control. The possibilities for
development of such facilities should challenge the imagination of
planners and landscape architects. The optimum development of any
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such facility, however, necessitates consideration of alternative plans
for its development and determination of what its principal use
should be. If a multiple-use facility is planned, the compatibility of
uses should be evaluated.

Watershed Treatment, On-Site Storage, and Upground Reservoirs

Although large detention basins such as the proposed Busse Woods
reservoir or the quarry near Elmhurst would control downstream
flooding on the main stem of Salt Creek, such facilities would have
no effect on flooding upstream in the tributaries or in the many closed
depressions in the area. Such flooding, while generally on a smaller
scale than that on the main stem, does present a problem that must be
dealt with as the area becomes urbanized. Flooding of this sort can
usually best be managed by small-scale approaches by local interests
or governmental units.

Reservation of the areas subject to flooding for parks or low-
intensity use is one approach to small-scale flooding which has been
discussed earlier in the report. Another approach is the construction
of small-scale detention facilities combined with land-use practices
that will tend to hold runoff in the area rather than accelerate it down-
stream. Such practices in rural areas are commonly referred to as
watershed treatment and are an integral part of the wrtershed man-
agenment projects carried out by the U.S. Soil Conservation Service
under Public Law 566. Construction of small detention I'~sins or farm
ponds, contour plowing, terracing, and planting of cover crops are the
principal land-use practices associated with this approacl.

Some of these practices could be adapted to the urban environment.
For example, small detention basins could be incorporsted into com-
mercial and industrial parks, golf courses, or other tracts of open space
used primarily for recreation. Steps could be taken by governmental
units to assure that an adequate cover of vegetation is maintained on
vacant land to minimize erosion and accelerated runoff. Programs for
erosion control, such as the previously cited example from Montgom-
ery County, Md., could be put into effect.

On-site storage of floodwaters includes creation of stcrage space on
rooftops, in parking lots, or in excavated pits to compenrcate for loss of
natural storage capacity due to urbanization. The storage of flood-
waters in basements is a not-so-desirable form of on-site storage due to
the likely damage and inconvenience. In effect, on-site storage is an
urban adaptation of the watershed approach. On-site storage could be
required in zoning ordinances to the extent that, if construction of a
building or other development reduces an area’s natural capacity for
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the storage of floodwaters, compensatory storage space would be
mandatory.

Upground reservoirs are reservoirs for the detention of flood-
waters off the main channel. Such a reservoir could be buil“ on a
hillside, for example. Depending on the local topography, water
would either flow in and be pumped out or be pumped in and allowed
to flow out. An example of such a reservoir is east of Elmhurst in an
area between the embankments of two expressways, the Illinois Toll
Road and the northwest extension of the Eisenhower Expressway.
Water flows into the reservoir from the Elmhurst storm drainage
system. After the storm it is allowed to flow out, either downstream
into Addison Creek or back through Elmhurst’s storm sewers into
Salt Creek. The storage capacity of this reservoir is 28 acre feet, about
two-thirds of which is used under normal circumstances. The remain-
ing capacity is reserved for emergency use.

Such methods of temporary impoundment of flood runoff could be
incorporated into the storm drainage systems of villages as an alterna-
tive to the usual practice of constructing larger storm sewers as more
of the area becomes urbanized. By means of this alternative approach,
much of the storm runoff would be retained in the area until the
stream channel could accommodate it, rather than being accelerated
into a downstream area for storage.

The retention of storm runoff, furthermore, would make possible
its treatment and use prior to discharge into the streams. Few studies
have been made of the quality of storm runoff. A recent study by
the U.S. Public Health Service (Weibel, 1964), however was made
in a small drainage area in suburban Cincinnati. The results of this
study indicate that the quality of storm runoff may be as bad or worse
than that of treated sanitary effluent. This is reasonable when one con-
siders the debris and dead animals that may accumulate in gutters,
culverts, and storm sewers during a storm. Thus, a system that would
delay storm runoff until such time as a treatment plant could accom-
modate it would have greater benefits from the standpoint of water
quality than a system which simply discharges untreated storm run-
off into the receiving stream.

Practices such as watershed treatment are more effective in con-
taining the smaller floods that occur rather frequently than infre-
quent floods of greater magnitude. These greater floods generally
occur when the ground is saturated or frozen and would be less af-
fected by land treatment practices. The process of urbanization
results in covering much of the land with impermeable surfaces. This
process would tend to create large floods where smaller ones would
have occurred and must be considered in flood-control plans for urban
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areas. Watershed treatment applied in conjunction with other meas-
ures, however, could be an integral part of a comprehensive flood-
control strategy.

A watershed treatment project for most of Salt Creek basin under
Public Law 566 is in the planning stages (U.S. Dept. Agriculture,
1968). This project would incorporate many of the techniques
described above.

DOWNSTREAM STORAGE

The storage of floodwaters downstream from the area where protec-
tion is desired is another approach that has been widely advocated in
urban areas. This is usually accomplished by incressing channel
capacity so that the channel can accommodate the runofl from a given
design storm. The floodwaters are then stored downstream, where the
channel is presumably larger and therefore better able to accom-
modate the additional flow than the smaller headwsters streams.
The argument has been brought forth that in the absenc> of ideal val-
ley reservoir sites, channel improvement represents the only realistic
approach to flood control.

This downstream storage approach to flood control has had par-
ticular appeal in the northeastern Illinois metropolitan area, where
much of the drainage consists of small, headwaters streams of the
Illinois River basin. Salt Creek is typical of such streams. The down-
stream storage area not only has greater capacity than headwaters
streams, but it is also largely outside of the urbanized arza. Therefore,
flooding downstream is likely to cause less damage then flooding in
the rapidly urbanizing metropolitan area. Present and future urban
development downstream, however, may cast serious doubts on the
value of this approach.

CHANNEL IMPROVEMENT PLAN FOR SALT CREEK BASIN

Various proposals for channel improvements in Salt Creek basin
have been considered through the years. A proposal was advanced by
the State of Illinois in 1958 and modified in 1962 and 1967 (Illinois
Div. Waterways, 1958, [1962, unpub. rept.], 1967). Parts of the
proposal, as described in the following sections have been completed.

The 1958 Division of a Waterways plan called for deepening, widen-
ing, and straightening the channel of Salt Creek from its mouth to a
point about 2,000 feet ypstream from Algonquin Road, or 35.5 river
miles above the mouth. Figure 44 shows the approximate alinement
of the channel according to this plan. In effect, twn plans were
presented : an “interim design plan”, intended to satisfy existing flood-
control requirements; and an “ultimate design plan” intended for
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In summary, of the three alternative proposals, the plan for enlarge-
ment of the channel capacity is least favorable from the standpoint of
ground-water recharge. Storage of floodwaters in upstream reservoirs
would preserve some existing recharge but would probably shift some
of the recharge from the flood plains to the channel. Sufficient data
are not available to show whether the additional potential recharge
from the channel would compensate for the loss of recharge from the
flood plains.

The principal assumptions inherent in the foregoing analysis are
that a substantial amount of recharge to the shallow aquifers does
occur during floods and periods of relatively high streamflow, and
that floods under existing conditions and under the two alternative
flood-control plans will behave essentially as indicated by the
hypothetical hydrographs of figure 47. To vertify the first assumption
would require a program of data collection and an analysis of re-
charge conditions as described in the section on the interrelationship
of surface water and ground water. To verify the second assumption
would require detailed profiles and cross sections of the cl'annel
and flood plains of Salt Creek as they exist today and as they would
exist under both the suggested alternatives. These data could be
programed for analysis by a digital computer, which could synthesize
hydrographs of a flood produced by a given amount of rainfall under
existing conditions and as altered by either flood-control plan.

Based on these two assumptions and on the hydrologic theory as
stated, the best approach to flood control in Salt Creek basin from
the standpoint of maintaining ground-water recharge is a combina-
tion of upstream storage in detention reservoirs and maintenance of
flood plains in their natural, undeveloped state in those reaches deter-
mined to be existing or potential recharge areas to the shallow aquifers.

NEW APPROACHES TO FLOOD CONTROL
CONJUNCTIVE USE OF SURFACE AND GROUND WATERS

The conjunctive use of surface and subsurface reservoirs for the
storage of water is a possible approach to flood control which has not
yet been used in the northeastern Illinois metropolitan area. The con-
cept is not wholly new; it has been applied rather extensively in
California and other Western States where the distribution of rain-
fall and associated high runoff varies greatly from season to season
and from year to year. Todd (1959, p. 214-217) summarized some of
these applications and listed the advantages and disadvantages of this
water-management technique.
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Applications of conjunctive use in the West have been made largely
in areas with thick and extensive alluvial sand and gravel deposits.
During extended dry periods, water is pumped from wells in these
deposits to maintain adequate low flow in streams or to irrigate. This
pumping creates storage space in the alluvial aquifers. During
periods of high streamflow, the excess runoff can be diverted into these
aquifers by the use of recharge pits or spreading basins, and be made
available for flow augmentation in the next dry period.

Conjunctive use of surface and ground waters is practiced in subur-
ban Nassau County on Long Island, N.Y. (Cohen and others, 1968, p.
74-75). Here storm runoff is channeled into detention reservoirs,
known as “sumps,” which serve as recharge pits to the alluvial sand
and gravel aquifers of the Atlantic Coastal Plain. This system pro-
vides a practical and economical means of managing storm runoff
and at the same time of recharging ground-water supplies. Ground
water is not used, however, to augment low streamflow.

The scarcity of adequate surface storage sites in an urban area
points to the attractiveness of conjunctive use as a method of flood
control and low-flow augmentation. Certain problems not generally
found where this approach has previously been applied exist in the
northeastern Illinois metropolitan area. The greatest potential prob-
lems are the hydraulic characteristics of the shallow aquifers and
the danger of introducing polluted water into aquifers used as sources
of drinking water. Inasmuch as storm runoff may be highly polluted,
care must be taken to prevent pollution of ground water by récharge.

Conjunctive use of surface and ground waters in Salt Creek basin
would require operations largely in the upper part of the basin if
maximum flow augmentation benefits are to be realized. In this part
of the basin, the shallow aquifers are covered by 150 feet or more of
relatively impermeable glacial till (fig. 12). Therefore, artificial re-
charge would have to be accomplished by injection through wells
rather than by use of spreading basins or pits. Injection through wells
into the dolomite aquifer might present a problem owing to the ir-
regular distribution of the cracks and crevices that make up this
rock’s water-bearing capacity. Extensive basal sand and gravel
aquifers exist under much of the basin, however. These aquifers would
probably offer greater opportunity for conjunctive-use operations
because of the greater ease of developing injection wells in a granular
medium than in an irregularly creviced dolomite. Considerable re-
search and perhaps a pilot injection well are needed before a more
widespread operational program can be begun.

Inasmuch as the flood runoff in Salt Creek basin is polluted, either
treatment or elimination of the major sources of pollution is required
before conjunctive use operations can be put into effect. Unless the
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sources of pollution are eliminated or isolated, a conjunctive use
operation will probably require temporary storage of flood runoff in
surface reservoirs prior to treatment and injection into the shallow
aquifers.

Despite these problems, conjunctive use deserves consideration as an
alternative to surface storage in flood-control planning for Salt Creek
basin. Future technological developments may well provide the solu-
tions to these problems that appear to be serious at the present time.

UNDERGROUND TUNNELS FOR STORAGE OF FLOODWATEF®

Construction of tunnels in underground bedrock formations for the
temporary storage of floodwaters is a concept which has recently
come under wide discussion in the northeastern Illinois metropolitan
area. The concept was first advanced in research and discussions in
the preparation of the water-management report of the Nortl eastern
Ilinois Planning Commission (Sheaffer and Zeizel, 1966, p. 1€7-171).

The Northeastern Illinois Planning Commission proposal calls for
a regional network of tunnels and pipelines connecting all the north-
eastern Illinois metropolitan area’s drainage basins and Lake Michi-
gan. Lake Michigan, with its vast capacity, could be used for the
temporary storage of floodwaters. During dry weather, the waters
could be pumped back through the tunnel network to augment low
flow in the region’s streams. The tunnels could be 500 to 1,300 feet below
the land surface in the Galena and Platteville Dolomites, a relatively
impermeable formation. The use of this relatively impermeable forma-
tion for the tunnels would minimize the danger of ground-water pollu-
tion. It is recognized that the existing quality of floodwaters should
be improved before these waters are introduced into Lake Michigan.
A tunnel system, however, would not necessarily have to be connected
to Lake Michigan. Water could be stored in the tunnels themselves.

Admittedly, the Northeastern Illinois Planning Commission tunnel
proposal is a long-range project which would require considerable de-
tailed feasibility study before it could be implemented. This proposal
has been characterized by some observers as unrealistic and somewhat
impractical. That it is ambitious and far-sighted is beyond question.
Many of today’s water-management projects would have been con-
sidered unrealistic 50 years ago. The Chicago Sanitary and Ship
Canal, for example, was considered the seventh wonder of the engineer-
ing world at the time it was completed in 1900.

As a result of the tunnel concept advanced in the Northeastern Illi-
nois Planning Commission’s report, two different plans have been
proposed for the use of tunnels in flood control and pollution control
in Chicago and vicimity (Harza and Bauer, 1966; City of Chicago,
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1967). The use of tunnels for the storage of storm runoff in an urban
area has recently become an attractive alternative to more conventional
approaches for a number of reasons. Using subsurface space would
compensate for the lack of adequate surface reservoir sites. With the
cost of land in an urban area constantly rising, the cost of tunneling
may well prove to be more economical. This is especially true in light
of recently developed tunneling technology. The “mole,” a modern
tunneling machine, is a large rotary drill (Harza and Bauer, 1966,
p. V-3). Tunneling by such machines is more rapid, cheaver, and safer
than by conventional drilling and blasting methods. Finally, the use
of large diameter tunnels for the temporary storage of combined storm
runoff and sanitary sewage in urbanized areas presents a possibly more
economical alternative to the separation of storm and sanitary sewers.
The combined runoff could be stored in these tunnels until the stream-
flow subsides and the sewage treatment plants are able to accommodate
the additional loads.

One proposal (Harza and Bauer, 1966) calls for the Metropolitan
Sanitary District of Greater Chicago to construct a network of tun-
nels in the Galena and Platteville Dolomites at a depth of about 800
feet below the land surface in a 21-square mile area near Lake Calumet.
If this initial stage proves successful, the network presamably could
be extended to other parts of the metropolitan area. These tunnels, 33
feet in diameter, would have a capacity to contain virtually all the com-
bined storm runoff and sanitary sewage for the project area. The water,
as it flows down the shafts into the tunnels, could be used for hydro-
electric power production.

Inasmuch as the Galena and Platteville Dolomites are fairly imper-
meable, it is believed that lining of these tunnels would not be neces-
sary to prevent ground-water pollution. A system of racharge wells
surrounding the tunnels was proposed (Harza and Bauer, 1966, appen-
dix D), however, to maintain ground-water levels so that the hydraulic
gradient remains toward the tunnels rather than away from them.
Thus, the polluted waters would be kept close to the tunnels.

A second tunnel plan was proposed by the Department of Public
Works of the City of Chicago (City of Chicago, 1967). This pro-
posal, known as the Chicago Underflow Plan, is similar to the Harza-
Bauer proposal in its objectives although different in their attain-
ment. The proposed tunnel in the Underflow Plan wculd be about
4 miles long below Lawrence Avenue, on Chicago’s ncrth side. Its
diameter would range from 12 to 17 feet, and it would be from 140
to 200 feet beneath the surface, in part of the shallow dolomite
aquifer. The tunnel would be lined with concrete to prevent polluted
water from seeping into the aquifer. It is believed that the reduced
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tunneling cost resulting from the shallow depth would more than
offset the cost of lining these tunnels. The tunnels would be kept dry
when not in use and the lining could be periodically inspected to as-
sure its effectiveness. Inasmuch as the piezometric surface ic higher
than the proposed tunnels, keeping the tunmnels dry would assure
that the hydraulic gradient in the dolomite aquifer is toward the
tunnel and tend to minimize chances of pollution.

The Chicago Underflow Plan, if successful, could be extended to
serve much of the metropolitan area (City of Chicago, 1967, p. 14—
32), and a preliminary proposal for its expansion is presentel in the
same report (City of Chicago, 1967, fig. 12). The principal tunnels,
according to this proposal, would be constructed under the Chicago
River, the Sanitary and Ship Canal, the Cal-Sag Channel, and the
Des Plaines River.

The shallow dolomite aquifer is widely used for public water sup-
plies in much of the area that would be served by this proposed
regional network of tunnels. Precautions would have to be taken to
protect these supplies from pollution. The tunnels should not be built
in the immediate vicinity of well fields. As long as the impermeable
lining holds and the tunuels are kept dry and as long as the piezo-
metric surface remains higher than the tunnels, the natural flow of
water would be toward the tunnels rather than toward any ground-
water supplies. Thus, a natural safeguard would exist that wonld tend
to protect the supplies. Tunnels should not be planned inciscrimi-
nately, however, without regard for the protection of ground-water
supplies.

Although Salt Creek is not specifically included in this proposal,
the use of tunnels could be considered as an alternative to the more
traditional approaches to the storage of storm runoff. The southern
half of Salt Creek basin is already rather densely urbanized. By 1990,
the north half probably will be urbanized with a comparable density
of development. A tunnel system could thus be developed either to
handle drainage within the basin or as part of a larger regional net-
work. In such a regional network, tunnels could be planned to con-
nect abandoned rock quarries in the Niagara Dolomite, such as the
quarry near Elmhurst.

RECLAMATION OF FLOOD PLAINS

The approaches to flood-plain management and flood control dis-
cussed up to now are concerned with (1) the preservation of existing
storage on flood plains, (2) the creation of storage space by surface
impoundments or subsurface reservoirs, or (3) chamneling of flood
runoff into downstream areas. A new approach to flood control, just
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now gaining recognition, is the restoration of the flood plain’s origi-
nal storage capacity wherever the flood plain has been built or
encroached upon. All or part of the natural storage capacity can
be regained by flood-plain reclamation. Flood-plain reclamation con-
sists of acquiring developed or partially developed land on flood
plains, removing the offending buildings or encroachments, and re-
developing of the flood plain for open space or other low-intensity
use. Federal financial assistance can be made available for such proj-
ects under the Urban Renewal and Open Space Acquisition programs.

The proposed reservoir on Spring Brook at Itasca would be built
on a site acquired by the village of Itasca with assistance under the
Federal Open Space Program. The Itasca site is in the partially
developed category, and only a few buildings would have to be
cleared before a reservoir could be built.

The Federal Open Space Program could be used for additional
flood-plain reclamation in Salt Creek basin. The stream courses and
their adjacent flood plains generally represent the last stands of for-
ested land in the northeastern Illinois metropolitan area. The remain-
ing undeveloped and partially developed lands could be considered
for acquisition and development as public open space. Reaches where
the natural configuration of the flood plain has been destroyed, for
example by filling or by use as refuse disposal sites, could thus be
acquired and restored. Reforestation could further restore part of
these areas’ scenic appeal.

The Federal Urban Renewal Program, administered through the
Department of Housing and Urban Development, provides for the
acquisition and redevelopment of blighted urban areas. In the past,
this program has been most successfully realized in the central parts
of cities. Few Urban Renewal projects have been completed in sub-
urban communities, which comprise most of the communities in Salt
Creek basin.

Waterfront renewal of the central business district has been a key
feature of .some recently undertaken Urban Renewal projects. Flood
plains in many cities have been developed and protected Ly levees or a
flood wall. The flood wall itself is usually an unsightly structure lead-
ing to blighted conditions in its vicinity. One approach to eliminating
such blight through an Urban Renewal project would be to tear down
the flood wall and the buildings on the flood plain. Then tl e flood plain
could be redeveloped as a park for recreation. Parts of flood plains
known not to be ground-water recharge areas could be used as parking
lots. The natural storage space of the flood plain wcald thus be
restored. Such projects for the renewal of a central business district
are in progress or under consideration in Waterloo and C~dar Rapids,
Iowa, both along the Cedar River.
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ponds. Undeveloped land could be planted with corn crops, and con-
struction could be planned to minimize erosion and runoff. Aban-
doned quarries, such as the large one near Elmhurst, could be used
either as a supplement or as an alternative to valley reservoirs for the
storage of floodwaters on the main stem of Salt Creek.

Further development of the flood plains could be controlled both
by their acquisition as part of a regional open-space network and by
land-use controls such as flood-plain zoning. It is particularly desirable
to preserve those flood plains in the lower part of Salt Creek basin
that are recharge areas to ground-water supplies.

Local channel improvements, such as widening and rebuilding of
bridges and embankments to remove impediments to flow, could be
made to protect existing developments from flood damage. A con-
tinuing program of “scenic maintenance,” consisting of the removal of
foul-smelling sludge from the stream bottom, periodic removal of
unsightly vegetation, and cleaning of trash and other foreign objects,
could be implemented. Such a program could be accompanied by con-
certed efforts to improve the quality of water in Salt Creek and its
tributaries. Storm drainage systems could be improved, incorporating
retention basins or ponds where appropriate, to minimize flocding in
basements, underpasses, and other depressions.

Some of these approaches to flood control will be applied in the
proposed coordinated programs of the Illinois Division of Waterways,
the U.S. Soil Conservation Service (U.S. Dept. Agriculture. 1968),
and several County and local agencies.

Three approaches to flood control that represent relatively new
thinking could be applied in Salt Creek basin as part of a long-term
strategy for managing the flooding problem. Ground water could be
pummped from aquifers to maintain base flow in Salt Creek, and the
space vacated by this pumping could in turn be used for the storage
of flood runoff. Considerable research would be needed, and obhstacles
such as the presently poor quality of flood runoff would have to be
overcome before such a program could become operational. Tunnels
in the consolidated rock formations could be constructed for the storage
of floodwaters. Such a program would probably be most effective and
economical if applied to a region, rather than to a single drainage
basin. Finally, the reclamation of flood plains through the Ifederal
Urban Renewal and Federal Open Space Programs could rehabilitate
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parts of the blighted flood plains whose natural storage capacity has

been lost.

All individual efforts or projects would have to be coordinated with
other individual efforts if such a strategy is to be of optimum benefit
to the entire community of Salt Creek basin.

A tabulation of the alternative approaches to flood-plain manage-
ment and flood control discussed in the preceding pages follows. Each
measure 1s related to its benefits and its degree of applicahility.

TaBLE 5.—Summary of alternative approaches to flood control in Salt Creek basin

Flood control measures

Potential benefits

Potential limitations

Application

Preservation of flood plains as
open space.

Management of flood plains
by municipalities:
1. Recreation facilities,
parking lots.
2. Controlled commereial
and industrial develop-
ment.

Upstream storage:
1. Valley reservoirs.

2. Abandoned gravel pits
and quarries.

3. Watershed treatment
and on-site storage.
4, Upground reservoirs.

Downstream storage:
1. Widespread channel im-
provement.

2. Local improvements
and ‘‘scenic main-
tenance.”

Flood damage reduction.
Recreation.

Esthetic appeal.
Ground-water recharge.

Flood damage reduction.
Recreation.

Flood control along main
stem.

Recreation and esthetics.

Ground-water recharge.

Flood control.

Esthetics and recreation.

Ground-water recharge.

Control of minor flooding.

Erosion control.

Local flood control.

Pollution control.

Flood control along main
stem.

Protection of existing
developments on flood
plains.

Enhancement of environ-
ment.

Not most economical use
of flood plains every-
where.

Not economic in high-
density areas.

Compensatory storage
necessary.

Sites not everywhere
available in urban areas.

Precautions needed to
prevent ground-water
pollution.

Cannot control major
flooding.

Benefits local.

Sites not everywhere
available.

Transfers flooding down-
stream.

Damage to forested areas.

Requires continuous
maintenance.

Excessive cost relative to
benefits.

Would not provide basin-
wide flood protection.

Widespread.

In municipalities.

In municipalities.

Widespread.

‘Where sites exist.

Local.

Local; can be
incorporated into
storm  drainage
systems.

Widespread.

Widespread and
local.
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TaBLe 5.—Summary of alternative approaches to flood control in Sclt Creek
basin—Continued

Flood control measures Potential benefits Potential limitations App'ication

Conjunctive use of surface Subsurface storage space  Research needed before Widespread.
and ground water. for fioodwaters and operational program

water needed for flow could be begun. Safe-

augmentation. guards required to pre-
vent ground-water
pollution.

Storage in underground Regional fiood control, Care needed to avoid WidespTead.
tunnels. Pollution control. ground-water pollution.

More economical than
surface storage.

Reclamation of flood plains Reduction of fiood Difficulty in implemen-  Widesp-ead or
through Federal Urban hazard. tation. Jocal.
Renewal and Open Space  Provision for needed
Programs. opel space.

Removal of blighted
conditions.

WATER-MANAGEMENT IMPLICATIONS OF ALTERNAT'VE
LAND-DEVELOPMENT PATTERNS

Land-use practices in an urban area can materially influence the
functioning of the hydrologic system. Likewise, management, of the
hydrologic system can be used to influence patterns of land develop-
ment. Three alternative patterns for future land development were
introduced in the section entitled “Urban Development” and were con-
ceptually illustrated in figure 9. A discussion follows of how the three
long-range concepts might be applied in Salt Creek basin and of their
water-management implications. Those aspects of water management
directly related to land use are emphasized. Water-supply require-
ments are not discussed, except to the extent that water supply is re-
lated to land-use practices. Each alternative pattern of development is
analyzed from the standpoint of both constraints and oppor‘unities
for water management. The alternative plans are discussed in more
detail in two 1968 publications of the Northeastern Illinois Planning
Commission (1967, 1968).
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THE “TRENDS ALTERNATIVE

The first alternative represents a planner’s conception of how the
region would develop if present trends continue. The most obvious
trend, as illustrated in figure 9, is toward more urban sprawl. It is rea-
sonable to assume that this tendency will continue in the absence of
comprehensive regional planning. As stated earlier, I'owever, the
“Trends” alternative does not imply an absence of land-use controls
or planning by counties or local governmental units.

Figure 49 shows a generalized framework for the “Trends” alterna-
tive in Salt Creek basin. The transportation network, consisting of
commuter rail lines radiating from Chicago, expressways. and princi-
pal arterial highways which crisscross the basin, is the dominant fac-
tor directing future growth. The alinement of the proposed express-
way designated FA-61, which will run the length of Salt Creek basin
approximately parallel to Illinois Highway 53, is shown. Existing pub-
lic open space and the fairly modest proposed acquisitions of the Du
Page County Forest Preserve District are shown. It is assumed that
the remainder of the basin will be developed.

Pressures for the development of flood plains would probably con-
tinue, though at a slower pace than in past years, under the “Trends”
alternative. The trend toward developments on the flood plains is well
illustrated in the previously cited example from the Water-Manage-
ment Report of the Northeastern Illinois Planning Commission
(Sheaffer and Zeizel, 1966, p. 82-83).

Development of the flood plains in the future is not likely to con-
tinue at a rate even approaching this rather startling pace. The avail-
ability of flood-inundation maps, such as those published by the U.S.
Geological Survey, and flood-plain information studies by the U.S.
Army Corps of Engineers has greatly increased knowledge of the flood
hazard. County and local zoning ordinances are making it increasingly
difficult to build on flood plains. Nevertheless, the pressures are likely
to intensify as a result of the constantly increasing value of land.

The water-management measures discussed earlier in th= present re-
port could be implemented within the framework of the “Trends”
alternative, but they would most likely achieve less than optimum
results. Without coordination among communities and agencies, this
alternative could lead to inefficient land use and therefore reduced op-
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The foregoing data needs are widely applicable in urban and urban-
izing areas. One of the greatest benefits to be gained from data collec-
tion is an evaluation of the transferability of hydrologic data from
one urban area to another. Whether results of data gathered in one
urban environment are applicable in similar or different environments
will have a major role in planning future data-collection progrems.

The following are some data needs specifically applicable to Salt
Creek, but whose results have considerable transfer value. The prime
ground-water recharge areas need better definition so that they can be
given adequate consideration in land-use plans. Additional, more
closely controlled seepage runs in conjunction with ground-water and
water-quality measurements are needed to define the interrelationship
of surface water and ground water. Periodic synchronized sampling
of water quality during floods is needed to learn of changes in water
quality with respect to time which might influence treatment methods
and other water-management techniques.

Data collection in urban areas should be a continuing process and
should not be confined to the planning phase of urban development.
Some data should be collected in the preplanning phase to serve as a
base for plans. Data collection should continue during and after the
plans are implemented to serve as a measure of their effectiveness.

Of equal importance as the kinds of data collected are the methods
of analysis, the interpretation of data, and the presentation of results.
Here again, the needs of planners may differ somewhat from the needs
of engineers, who, up to the present, have been the largest ucers of
hydrologic data. Hydrologists may need to carry their interpretations
a step or two further than has been the traditional practice. For
example, a map showing areal distribution of an aquifer’s trans-
missivity and storage coefficients, parameters of significance to the
ground-water hydrologist, would have little meaning to the planner.
On the other hand, a map showing how much ground water can be
obtained on a sustained basis would be more useful to him.

A greater use of maps would make the results of hydrologic investi-
gatlons more useful to planners. In the present report, the map show-
ing ground-water-pumping and sewage-disposal (fig. 14) sites and
the map of the November 1965 seepage run (fig. 25) are exemples
of maps useful in planning. Flood-mundation maps are another good
example. The usefulness of flood maps could be enhanced by periodic
updating to show changes in the flooding pattern due to urbanization.
The availability of intensive flood-stage data, such as those being
obtained from the northeastern Illinois crest-stage gage network,
would eventually make possible the preparation of flood-frequency
maps—that is, maps showing the areas that would be inundated by



138 WATER IN URBAN PLANNING, SALT CREEK BASIN, ILLINOIS

floods of various recurrence intervals. Such maps would be extremely
useful to planning and zoning authorities in achieving optimum
utilization of the flood plains.

Other graphic presentations can be as useful as meps. Examples
from the present report are the flow-duration curves (figs. 17, 18),
broken down into 4-year periods, showing changes in the low-flow
regimen caused by urbanization. The graphs showing downstream
changes in water quality under various flow conditions (figs. 28, 29,
30) would be useful in planning for new or improved sewage-disposal
facilities. Systematic collection of water-quality samples would make
possible the preparation of statistical graphs showing the percentage
of time given concentrations of various constituents are exceeded.

The foregoing summary is far from a definitive statement on needs
for hydrologic data in planning. As more is learned about water in
the urban environment, the needs for heretofore unknown or over-
looked forms of data and techniques of presentation will probably
become apparent.

WATER MANAGEMENT IN SALT CREEK BASIN

Selection of Salt Creek basin as a study area does not necessarily
imply that water management in a metropolitan area should be planned
on a basin-by-basin basis. Salt Creek basin was selected because of its
convenient size for such a pilot study, its widespread public interest,
and the relative abundance of data it provided. Salt Creek basin
offers in one compact area many of the problems and opportunities
for land-related water management in the rapidly expanding suburbs
of the Nation’s large metropolitan areas. It is hoped that the princi-
ples developed in this study can be applied in other areas and that
the problems identified will lead to more comprehensive programs of
investigation to provide the required additional data.

Urbanization has had its impact on the flow characteristics of Salt
Creek. Most of the low flow consists of sewage effluent. Low flow
has increased in the lower reaches as a result of increasing sewage
loads from treatment plants in Du Page County. Transfer of most
sewage in northwest Cook County in 1958 to the Metropolitan Sani-
tary District’s plants outside the basin has resulted in ¢ sharp reduc-
tion of low flow in Salt Creek’s upper reaches. Periods of high flow
appear to have been shifting toward higher intensity but shorter dura-
tion as a result of larger and more numerous storm-drainage systems
and paving of much of the previously permeable terrain.

Most communities in Salt Creek basin depend on ground water for
their public supplies. Both the shallow and the deep aquifers are used.
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The shallow aquifers are recharged locally. The greatest concentra-
tion of pumping from the shallow aquifers is in the Hinsdale-La
Grange area. Here the shallow dolomite aquifer is near the srface,
and in places, particularly east of Hinsdale, a good hydraulic connec-
tion appears to exist between Salt Creek and the aquifer. The potential
for induced recharge and artificial recharge operations exists generally
along the course of Salt Creek south of Elmhurst. Detailed studies
are needed to determine the most favorable specific sites.

Salt Creek carries significant pollution loads at all times. Details as
to the sources and exact nature of the pollutants remain to be deter-
mined. Some pollutants, as indicated by the presence of coliform
bacteria, appear to be more abundant at high flow than at low flow.
This phenomenon may be due to untreated effluent from combined
sewer systems, to the agitation of accnmulated sludge deposits in the
streambed, and to flushing of accumulated wastes from the land sur-
face. These sludge deposits appear to be so widespread and abundant
that periodic floods are not sufficient to cleanse the streambed. Traces
of pollutants, probably induced from Salt Creek, have been detected
in a well in Hinsdale. The extent of and potential for ground-water
pollution need to be investigated, especially where ground-water sup-
plies in the shallow aquifer are recharged by surface water.

About 10 percent of the land in Salt Creek basin consists of flood
plains. The pressures of urbanization have brought about some devel-
opment of these flood plains, which has proved to be uneconomical
because of later substantial flood damages. The flood plains ne~d not
be kept entirely out of use, however. Some of Salt Creek’s flood
plains and their surrounding forested areas have been reserved as
greenbelts, providing needed land for recreation and enhancing the
environment in the metropolitan area. Other economic uses of the
flood plains include controlled development of flood-proofec com-
mercial and industrial buildings and provision for artificial storage
to make up for the lost natural capacity to store floodwaters. Fart of
the flood plains constitute prime ground-water recharge areas. Fur-
ther investigation is needed to identify the exact location and extent
of these recharge areas. Comprehensive planning should provide for
the preservation of these areas, which are likely to become even more
important as urban development places greater demands on the ground-
water resource.

Flood-control measures are necessary in some situations to protect
existing developments on the flood plains. Owing to the high velue of
land in urban areas, controlled development of the flood plains and
their protection by flood-control works may be more economical than
prohibiting all development. In the past, the most common approach
to flood control in urban areas has consisted of enlarging the channel
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to accommodate flood runoff. This procedure results in greater stream
velocities and higher discharge rates and transfers the flooding prob-
lem to downstream areas, which themselves are becoming urbanized
and losing their storage capacity. Channeling also may cause damage
to the remaining forested land in the metropolitan areas.

Flood-control measures which seek to retain water in the drainage
basin rather than dispose of it offer greater water-management oppor-
tunities than the traditional channeling approach. Floodwaters can
be retained, for example, for ground-water recharge; channeling
would result in these waters being removed from the basin faster than
the materials of the streambed could absorb them.

One good valley reservoir site remains along the main stem of Salt
Creek at the Ned Brown Forest Preserve near Elk Grove Village. De-
velopment of a multipurpose reservoir here would provide significant
flood-control benefits and offer much-needed facilities for water-
oriented recreation.

There are means of developing upstream storage facilities other than
valley reservoirs, however. Upground reservoirs and swaller facilities,
such as farm ponds and detention basins on parking lots and rooftops,
can contribute to the storage of floodwaters. Where svace is scarce,
several well-distributed smaller facilities can provide the same capacity
as one or two larger ones. Abandoned gravel pits and quarries can be
put to use as detention facilities. A concept now being advanced is the
use of underground tunnels for storage of floodwaters. Although this
approach has not yet been tried in the northeastern Illinois metropoli-
tan area, the possibility appears attractive in view of the scarcity and
high land costs of suitable surface reservoir sites. Safeguards would
have to be provided against ground-water pollution if such a tunnel
scheme were implemented.

The reclamation of flood plains developed with merginal or sub-
standard buildings and the redevelopment of these flood plains as parks
or recreational facilities offer interesting possibilities for future con-
sideration. Federal assistance could be made available for such proj-
ects through Urban Renewal and Open Space Acquisition Programs,
administered through the Department of Housing and Urban
Development.

Comprehensive land-use plans which incorporate stringent land-use
controls and provide for the acquisition of large tracts of open space
would provide more opportunities for water management than a con-
tinuation of the present trend toward more uncontrolled urban sprawl.
Thus, the “Radial Corridor” alternative, with its broad wedges of open
space preserving much of the flood plain area, would offer the greatest
opportunity. The “Multi-Towns™ alternative, which provides for pres-
ervation of most of the flood plains, would offer more water-manag-
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ment opportunities than the “Trends” alternative, though somewhat
fewer than the “Radial Corridor” alternative.

This study has stressed the interrelationships of comprehensive land-
use planning and the hydrologic system and has demonstrated how
effective use of the flood plains, preservation of ground-water recharge
areas, and maintenance of surface and ground waters of satisfactory
quality can be important elements in a comprehensive metropolitan
plan. Salt Creek basin in northeastern Tlinois has served as an example.
The concepts presented here and the identified needs for additional
data and studies can provide a starting point for effective water man-
agement that is coordinated and integrated with comprehensive urban
planning in northeastern Illinois and other metropolitan areas.
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